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$11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0/5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1.1. Introduction to mine overburden 
,Q,QGLDJHQHUDOO\WKHUPDOHQHUJ\LVSURGXFHGXVLQJFRDO7KHVHFRDOVDUHFROOHFWHGIURPRSHQFDVW
PLQH RU XQGHUJURXQG PLQLQJ  ,Q ,QGLD DERXW  WKHUPDO SRZHU VWDWLRQV XVH ELWXPLQRXV DQG VXE
ELWXPLQRXVFRDOJHQHUDWLQJDERXW0WRI IO\DVKSHU\HDU7KHJHQHUDWLRQRI IO\DVKZLOO UHDFKE\
0W SHU \HDU E\  ,Q ,QGLD WKHUH DUH  FRDOPLQHV SURGXFLQJ  PLOOLRQ WRQQHV RI FRDO
&RQVLGHULQJ JHRPLQLQJ FRQGLWLRQV VXUIDFH PLQLQJ WHFKQRORJ\ LV PRVW DSSURSULDWH DQG RQO\ 
VXUIDFH PLQHV ZLWK  PL[HG PLQHV DUH UHVSRQVLEOH IRU PDMRU SURGXFWLRQ RI FRDO  0LQH
RYHUEXUGHQ LV WKHPDWHULDO WKDW UHPDLQVHFRQRPLFDOO\DIWHUYDOXDEOHFRPSRQHQWVKDYHEHHQH[WUDFWHG
IURP WKH JHQHUDOO\ ILQHO\PLOOHG RUH LW LV DOVR NQRZQ DV 
ZDVWH
 RU 
VSRLO
 ,Q FRDOPLQHV WKHPLQH
RYHUEXUGHQ DUH LQ OD\HUV 7KH PLQH RYHUEXUGHQ LQFOXGLQJ WRS VRLO LV DSSUR[LPDWHO\  WLPHV WKH
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DPRXQWRIFRDOPLQHG7KLVYROXPHRIRYHUEXUGHQLVJRLQJWRLQFUHDVHHYHU\\HDUGXHWRGXPSLQJRI
RYHUEXUGHQ LQFUHDVHRIGHSWKRIFRDO VHDPDQGFRDOSURGXFWLRQ)LJXUHVKRZVD W\SLFDOFRDOPLQH
ZLWKPLQHRYHUEXUGHQ
8WLOL]DWLRQ RI WKLV PLQH RYHUEXUGHQ ZLOO UHGXFH HQYLURQPHQWDO LPSDFW DQG DYDLODELOLW\ RI ODQG
UHVRXUFH LQ FRDO PLQLQJ DUHD 7KLV ZLOO DOVR UHVXOW LQ UHGXFWLRQ RI PLQLQJ FRVW ZKLFK RFFXUV RQ
PDLQWHQDQFHRIPLQHVSRLODVUHFODPDWLRQSODQWDWLRQVORSHVWDELOLW\HWF7KHSODQWDWLRQZLOOEHPRUH
HIIHFWLYHDQGFKHDSLQSODLQODQGWKDQXQVWDEOHVORSS\GXPSV+HQFHWKHUHLVDQHHGWRXWLOL]HWKHPLQH
RYHUEXUGHQDQG IO\DVK LQ ODUJHTXDQWLWLHV OLNHPLQH ILOOLQJ FRQVWUXFWLRQRIHPEDQNPHQWHWF$QHZ
YDULHW\ RIPL[WXUH FDQEHSUHSDUHGE\XVLQJ IO\ DVK FRDOPLQHRYHUEXUGHQZLWK RUZLWKRXW FHPHQW
ZKLFKFDQEHXVHGDVDVWDELOL]HGSDYHPHQWPDWHULDO7KLVPL[WXUHUHTXLUHVQRFRPSDFWLRQDWILHOGYHU\
HDV\WRGHOLYHUDQGSODFH7KHDSSOLFDWLRQRIWKLVW\SHRIPL[WXUHLVPRVWVXLWDEOHDWWLJKWRUUHVWULFWHG
DFFHVVDUHDVZKHUHSODFLQJDQGFRPSDFWLQJILOO LVFRPSOLFDWHG7KLVPL[WXUHKDYHDQRWKHUDGYDQWDJH
WKDW LW FDQ UH H[FDYDWH 7KH FHPHQW XVHG LQ WKH PL[WXUH YDULHV  )URP HQYLURQPHQWDO
FRQVLGHUDWLRQ XQFRQWUROOHG XVH RI WRS VRLO LQ DYDLODEOH DUHD LV DOVR DPDWWHU RI FRQFHUQ DV LWV WDNHV
WKRXVDQGVRI\HDUVWRIRUPWKHQDWXUDOWRSVRLO1RZLQWKLVUHJDUGWKHUHLVJUHDWFRQFHUQUHJDUGLQJXVH
RIDOWHUQDWHZDVWHPDWHULDOLQSODFHRIQDWXUDOWRSVRLO



)LJ$W\SLFDO3LFWXUHVKRZLQJOD\HUVRIRYHUEXUGHQRIDQRSHQFDVWFRDOPLQHLQ&KKDWWLVJDUK
1.2. Introduction to artificial intelligence techniques 
$UWLILFLDO LQWHOOLJHQFH $, WHFKQLTXHV ]UH FRQVLGHUHG DV DQ DOWHUQDWH VWDWLVWLFDO PHWKRG E\PDQ\
UHVHDUFKHUV DQG LV IRXQG WR EH EHWWHU LQ SUHGLFWLRQ DV FRPSDUHG WR WKH HPSLULFDO PHWKRGV ,Q WKH
SUHVHQWVWXG\DQDWWHPSWKDVEHHQPDGHWRGHYHORSSUHGLFWLRQPRGHOVWRGHWHUPLQHWKH8&6DQG&%5
YDOXHRIPLQHRYHUEXUGHQIO\DVKPL[WXUHVXVLQJWKHFRPSRVLWLRQRIWKHPLQHRYHUEXUGHQDVWKHLQSXWV
XVLQJDUWLILFLDOLQWHOOLJHQFHWHFKQLTXHVPXOWLOLQHDUUHJUHVVLRQ0/5DUWLILFLDOQHXUDOQHWZRUN$11
DQG JURXSPHWKRG RI GDWD KDQGOLQJ *0'+$11 DQG0/5 KDYH EHHQZLGHO\ XVHG JHRWHFKQLFDO
HQJLQHHULQJ DSSOLFDWLRQV DQG DGHTXDWH OLWHUDWXUH LV DYDLODEOH IRU WKHP +RZHYHU XVH RI *0'+ LQ
OLPLWHGLQJHRWHFKQLFDOHQJLQHHULQJDQGDEULHIGHVFULSWLRQKDVEHHQSURYLGHGEHORZ
1.2.1. Group method of data handling 
7KH JURXSPHWKRG RI GDWD KDQGOLQJ *0'+ SURSRVHG E\$OH[\* ,YDNKQHQNR LQ  LV DQ
LQGXFWLYH OHDUQLQJ DOJRULWKP RULJLQDOO\ GHYHORSHG IRU SUREOHPV RI SDWWHUQ UHFRJQLWLRQ DQG GDWD
PRGHOOLQJ*0'+XVHVWKHSULQFLSOHRIVHOIRUJDQL]DWLRQWRSURFHVVUDQGRPGDWD7KHSULQFLSOHRIVHOI
RUJDQL]DWLRQFDQEHH[SODLQHGDVDSSO\LQJDFHUWDLQFULWHULDNQRZQDVVHOHFWLRQFULWHULDZKLFKSDVVHV
WKURXJKDPLQLPXPWRSXWDOLPLWDWLRQWRWKHFRPSOH[LW\RIDPRGHO7KHVHOHFWLRQFULWHULDFDQHLWKHUEH
LQWHUQDO DFFXUDF\ FULWHULD RU H[WHUQDO DFFXUDF\ FULWHULD GHSHQGLQJ RQ ZKLFK D *0'+ DOJRULWKP LV
FDOOHG DV GHGXFWLYH RU LQGXFWLYH UHVSHFWLYHO\ 7KLV VWXG\ XVHV LQGXFWLYH*0'+DOJRULWKPZKHUH DQ
H[WHUQDODFFXUDF\FULWHULDLVXVHGWRUHDFKDVHOHFWLRQFULWHULDZKLFKIRUPVWKHEDVLVIRUVHOHFWLRQRIEHVW
PRGHO$FKLHYHPHQWRIDJOREDOPLQLPXPLQGLFDWHGWKHH[LVWHQFHRIDPRGHORIRSWLPXPFRPSOH[LW\
7KH QRWLRQ WKDW WKHUH H[LVWV D XQLTXH PRGHO RI RSWLPXP FRPSOH[LW\ GHWHUPLQDEOH E\ WKH VHOI
RUJDQL]DWLRQSULQFLSOHIRUPVWKHEDVLVRIWKHLQGXFWLYHDSSURDFK7KXVWKH*0'+QHWZRUNWRSRORJ\
LVGHWHUPLQHGXVLQJDOD\HUE\OD\HUSUXQLQJDOJRULWKPEDVHGRQVRPHVHOHFWLRQFULWHULD
7KH*0'+DOJRULWKPVDUHVLPLODUWRPXOWLOD\HUHGSDWWHUQUHFRJQLWLRQV\VWHPVVXFKDVSHUFHSWURQ
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RUQHXUDOQHWVEXWWKH\GHDOZLWKFRQWLQXRXVYDULDEOHVZKHUHDVWKHSHUFHSWURQRUQHXUDOQHWVGHDOZLWK
GLVFUHWHYDULDEOHV ,W LV LPSRUWDQWIRU*0'+WREHDEOHWRKDQGOHFRQWLQXRXVYDULDEOHVDV WKHXVHRI
FRQWLQXRXV YDULDEOHV PDNHV LW SRVVLEOH WR ILQG WKH PLQLPXP RI H[WHUQDO FULWHULRQ DQG DOORZV
GHWHUPLQDWLRQRIWKHVWUXFWXUHRIDQRQSK\VLFDOPRGHO7KXVIRUDGDWDVDPSOHZLWKOHVVQRRIGDWD
ZKLFKDUHDOVRQRLV\DQGLQDFFXUDWH*0'+FDQEXLOGDQRQSK\VLFDOPRGHOZKRVHDFFXUDF\LVKLJKHU
DQGVWUXFWXUHLVVLPSOHUWKDQWKRVHRIDFRPSOHWHSK\VLFDOPRGHO*0'+SURGXFHVRQO\QRQSK\VLFDO
PRGHOV7KHVWUXFWXUHRI WKHQRQSK\VLFDOPRGHOEHFRPHVVLPSOHUDVWKHYDULDQFHRIQRLVHLQFUHDVHV
$Q LQFUHDVH LQ WKH OHQJWK RI VDPSOH LV HTXLYDOHQW WR D GHFUHDVH RI QRLVH 7KH VWUXFWXUH RI WKH
QRQSK\VLFDO PRGHO EHFRPHV FORVHU WR WKH SK\VLFDO PRGHO DV WKH VDPSOH JURZV 7KXV PDQ\ QRQ
SK\VLFDOPRGHOVPD\H[LVWIRUDJLYHQREMHFWZKLFKGHSHQGVRQWKHYDULDQFHRIQRLVHDQGWKHOHQJWKRI
WKHVDPSOH1RQSK\VLFDOPRGHOVPD\EHREWDLQHGQRWRQO\E\HOLPLQDWLQJVRPHPHPEHUVRIDSK\VLFDO
PRGHOEXWDOVRDWUDQGRPVRWKDWDGHHSHUPLQLPXPRIWKHH[WHUQDOFULWHULRQFDQEHREWDLQHG
7UDGLWLRQDOO\ WKH*0'+ QHWZRUN LV IRUPXODWHG XVLQJ WKH DVVXPSWLRQ WKDW D VHW RI GDWD FDQ EH
PRGHOOHGXVLQJDQDSSUR[LPDWLRQRIWKH9ROWHUUDVHULHVRU.ROPRUJRURY*DERUSRO\QRPLDODVVKRZQLQ
HTXDWLRQ

ݕ ൌ ܽ଴ ൅ σ ܽ௜ݔ௜௠௜ୀଵ ൅ σ σ ܽ௜௝ݔ௜ݔ௝௠௝ୀଵ௠௜ୀଵ ൅ σ σ σ ܽ௜௝௞ݔ௜ݔ௝ݔ௞௠௞ୀଵ௠௝ୀଵ௠௜ୀଵ 

:KHUHX x x x M     LV WKH YHFWRU RI LQSXW YDULDEOHV DQGA a a aM     LV WKH YHFWRU RI
WKHVXPPDQGFRHIILFLHQWV
7KHFKRLFHRID*0'+DOJRULWKPIRUDJLYHQSUREOHPGHSHQGVXSRQWKHW\SHRISUREOHPWKHOHYHO
RIQRLVHYDULDQFH VDPSOHVL]HDQG WKHFRQWLQXLW\RI WKHGDWD LQ WKH VDPSOH$QXPEHURIDOJRULWKPV
KDYHEHHQGHYHORSHGRYHUWLPHIRUVROXWLRQRIGLIIHUHQWSUDFWLFDOSUREOHPV7KHVHDOJRULWKPVGLIIHULQ
WHUPVRIWKHEDVLVIXQFWLRQDQGVHOHFWLRQFULWHULDFKRVHQDPRQJRWKHUYDULDEOHV
*0'+XVHVDSRO\QRPLDOEDVLV IXQFWLRQ WRPRGHO WKHV\VWHPRXWSXW IRUHDFK OD\HU)RU WKHILUVW
OD\HUWKHLQSXWVDUHGHWHUPLQHGE\WDNLQJWKHFRPELQDWLRQVRIWZRLQSXWVDWDWLPHDQGDSRO\QRPLDO
EDVLVIXQFWLRQDVVKRZQLQHTXDWLRQLVXVHG

ݕ ൌ ܽ଴ ൅ ܽଵݔଵ ൅ ܽଶݔଶ ൅ ܽଷݔଵݔଶ ൅ ܽସݔଵଶ ൅ ܽହݔଶଶ    

,QEXLOGLQJ D*0'+QHWZRUN ILUVW FRPELQDWLRQVRI DOO WKH LQSXWV DUH IHG LQWR WKH ILUVW OD\HU ,I
WKHUHDUHPQXPEHURILQSXWVWKHQWKHUHDUHPPQXPEHURIQHXURQVLQILUVWOD\HUDQGQXPEHURI
QHXURQVJURZV H[SRQHQWLDOO\ZLWKQXPEHU RI OD\HU7KH FRPELQDWLRQVRI LQSXW LQ WKH ILUVW OD\HU WKDW
SURGXFHWKHEHVWRXWSXWDUHWDNHQDVDQLQSXWIRUWKHVHFRQGOD\HU7KHVHFRPELQDWLRQVDUHVKRZQDVWKH
VKDGHGQRGHVLQ)LJXUH7KLVSURFHVVFRQWLQXHVWLOOWKHVXEVHTXHQWOD\HUVKDYHDSHUIRUPDQFHLQIHULRU
WR WKHSUHFHGLQJ OD\HU7KH ODVW OD\HUZLWK WKHEHVWSHUIRUPDQFH LV WDNHQDV WKH ILQDO VROXWLRQRI WKH
*0'+QHWZRUN
0DWHULDOVDQGPHWKRGV
2.1. Materials 
,Q WKH SUHVHQW VWXG\ WKH PLQH RYHU EXUGHQ IO\ DVK DQG FHPHQW DUH FRQVWLWXHQW RI WKH PL[WXUH
PDWHULDO7KHPLQHRYHUEXUGHQFRQVLVWVRIWZRSDUWLWRSVRLODQGLLVKDOH7KHPLQHRYHUEXUGHQ
ZDV FROOHFWHG IURP WKH FRDO PLQHV IURP 5DLJDG &KKDWLVJDUK  7KH IO\ DVK ZDV FROOHFWHG IURP WKH
KRSSHURIDWKHUPDOSRZHUSODQWIURP5DLJDG&KKDWLVJDUK7KHFHPHQWXVHGZDV3RUWODQGVODJFHPHQW
DYDLODEOHLQPDUNHW$W\SLFDOSLFWXUHVKRZLQJWKHRYHUEXUGHQRIDQRSHQFDVWFRDOPLQHLVVKRZQLQ
)LJXUH
2.2. Experimental investigations 
7KHH[SHULPHQWDO LQYHVWLJDWLRQVZHUHPDGHRQPL[WXUH VRLOV DUHDVSHU ,QGLDQ VWDQGDUGV IRU VRLO
7KHVSHFLILFDWLRQVRIWKHPL[GHVLJQHGIRUWKLVVWXG\DUHSURYLGHGLQ7DEOH8&6DQG&%5WHVWVDUH
FRQGXFWHG RQ GLIIHUHQW PL[WXUH VRLO VDPSOHV DQG WHVW UHVXOWV DUH DQDO\VHG XVLQJ $11 *0'+ DQG
0/5

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)LJ([DPSOHRID*0'+IHHGIRUZDUGQHXUDOQHWZRUN
7DEOH6SHFLILFDWLRQRIPL[WXUHVDPSOHV
0L[WXUHW\SH 6DPSOH1R 6KDOH 7RSVRLO )O\DVK &HPHQW
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 06    
 06    
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0L[WXUH 06    
 06    
 06    
 06    
 5HVXOWVDQGGLVFXVVLRQ
3.1. Experimental results 
7KHPL[WXUHLVSUHSDUHGXVLQJWKHEDVLFPDWHULDOPLQHRYHUEXUGHQVKDOHDQGWRSVRLOIO\DVKDQG
FHPHQWLQGLIIHUHQWWULDOPL[7KHUHVXOWVRIODERUDWRU\H[SHULPHQWVSHUIRUPHGRQVKDOHWRSVRLOIO\
DVKDQGWKHPL[WXUHDUHSUHVHQWHGLQWKHIROORZLQJVHFWLRQ
3.1.1. Grain size distribution and specific gravity  
$FFRUGLQJWRWKHJUDLQVL]HGLVWULEXWLRQRIVKDOHWRSVRLODQGIO\DVKLWZDVIRXQGWKDWVKDOHDQGWRS
VRLODUHPRVWO\FRDUVHJUDLQHGDQGIO\DVKLVILQHJUDLQHGZLWKPRUHWKDQSDUWLFOHDUHILQHSDUWLFOHV
 P7KHVSHFLILFJUDYLW\YDOXHVRIIO\DVKORFDOVRLOVKDOHDQGFHPHQWZHUHIRXQGWREH
DQGUHVSHFWLYHO\
3.1.2. Unconfined compressive strength test 
7RDVVHVVWKHVWUHQJWKRIIO\DVKRYHUEXUGHQPL[WXUHXQFRQILQHGFRPSUHVVLYHVWUHQJWK8&6WHVWV
ZHUHFRQGXFWHGRQVRLOVDPSOHDIWHUGD\VRILWVSUHSDUDWLRQ)LJXUHDDQGEVKRZWKH8&6YDOXH
RIGLIIHUHQWVDPSOHVZLWKDQGZLWKRXWSUHVHQFHRIFHPHQWUHVSHFWLYHO\
      
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06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        
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1
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
DE
)LJ8&6RIGLIIHUHQWVRLOVDPSOHZLWKDGLIIHUHQWSHUFHQWDJHRIFHPHQWDQGEZLWKRXWFHPHQW
3.1.3. CBR test results 
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%RWKVRDNHGDQGXQVRDNHG&%5WHVWZHUHFRQGXFWHGRQ WKHVDPSOHVZLWKVRDNHGFRQGLWLRQIRU
GD\VDQG IRURWKHUVDPSOH LWZDVVRDNHGZLWKVXUFKDUJH IRUKRXUVRI WKHGD\VFXULQJ7KH ORDG
SHQHWUDWLRQFXUYHVIRUWZRW\SLFDOPL[HV06DQG06DUHVKRZQLQ)LJXUHVDQGUHVSHFWLYHO\,W
ZDV REVHUYHG WKDW WKHPL[ZLWK  GD\V FXULQJ KDVPRUH&%5YDOXH WKDQ WKDW RI  GD\V VRDNHG DV
H[SHFWHG )RU VDPH FDVHV WKH YROXPH DUH FRPSDUDEOH DV H[SHFWHG IRUPL[HVZLWKRXW FHPHQW VRDNHG
&%5OHVVWKDQXQVRDNHG&%5

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8QVRDNHG6RDNHG
&%5DWPP
&%5DWPP
              
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






/R
DG
LQ
N
1
3HQHWUDWLRQPP
8162$.('
62$.('
&%57(672162,/6$03/(06
8QVRDNHG6RDNHG
&%5DWPP
&%5DWPP

)LJ&%5FXUYHRI06)LJ&%5FXUYHRI06ZLWKRXWFHPHQW
3UHGLFWLRQPRGHOOLQJUHVXOWV
'DWD IURP WKH UHVXOWV RI WKH H[SHULPHQWV DV SUHVHQWHG DERYH KDYH EHHQ XVHG WR EXLOG SUHGLFWLRQ
PRGHOVLQWKLVVWXG\7ZRGLIIHUHQWPRGHOVIRU8&6DQG&%5UHVSHFWLYHO\ZHUHGHULYHGIRUHDFKRIWKH
PRGHOOLQJWHFKQLTXHV$110/5DQG*0'+7KHRIVKDOHWRSVRLOIO\DVKDQGWKHFHPHQWLQHDFK
PL[ZDVXVHGDVWKHLQSXWDQGWKH8&6DQGVRDNHG&%5YDOXHZHUHXVHGDVWKHRXWSXW2XWRI
UDQGRPO\VHOHFWHGVDPSOHVZHUHXVHGIRUWUDLQLQJWKHQHWZRUNDQGWKHUHVWZHUHXVHGIRUWHVWLQJIRUWKH
$11DQG*0'+DQDO\VLV0/5DQDO\VLVZDVKRZHYHUGRQHRQWKHZKROHGDWDVHW7KHGDWDVHWZDV
QRUPDOLVHGEHWZHHQDQGIRU$11DQG*0'+DQDO\VLV+RZHYHUQRVXFKSUHSURFHVVLQJZDVGRQH
IRU0/5DQDO\VLV7KH$11DQG*0'+DOJRULWKPVZHUH LPSOHPHQWHGXVLQJ0DWODEDQGWKH0/5
DOJRULWKPZDVLPSOHPHQWHGXVLQJ06([FHO
3.2.1. Artificial neural networks 
$%D\HVLDQ UHJXODULVDWLRQQHXUDOQHWZRUNZDVXVHG LQ WKLV VWXG\ WRSUHGLFW WKH8&6DQGVRDNHG
&%5YDOXHV)LJXUHDDQGEVKRZVWKHSORWRIPHDVXUHGYHUVXVSUHGLFWHGYDOXHVIRU8&6DQG&%5
UHVSHFWLYHO\,WFDQEHQRWLFHGIURPWKHILJXUHVWKDWWKHVFDWWHURIPRVWRIWKHGDWDSRLQWVOLHZLWKLQWKH
UDQJH RI  XSSHU SUHGLFWLRQ OLPLW 83/ DQG  ORZHU SUHGLFWLRQ OLPLW /3/ 7KH VWDWLVWLFDO
FULWHULDYDOXHVIRUWKHDGRSWHGPRGHOVDUHVKRZQLQ7DEOH,WFDQEHQRWLFHGWKDWIRUERWKWKH8&6DQG
&%5PRGHOVWKH5YDOXHLQWUDLQLQJLVKLJKZKHUHDVWKH5YDOXHLQWHVWLQJLVORZ7KLVVKRZVDSRRU
JHQHUDOL]DWLRQRIWKH$11PRGHOZKLFKPD\EHDWWULEXWHGWRWKHOHVVQXPEHURIGDWDLQWKHWHVWLQJVHW
,WLVDOVRNQRZQWKDW5LVDELDVHGHVWLPDWHKHQFHWKH1DVK6XWFOLIIFRHIILFLHQWRIHIILFLHQF\(
LVDOVRFRQVLGHUHG WRDVVHVV WKHSHUIRUPDQFHRIDPRGHO7KH(YDOXHV IRU WKH$11PRGHOVDUHDOVR
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D E
)LJ3ORWRIPHDVXUHGYHUVXVSUHGLFWHG8&6YDOXHVXVLQJ$110/5DQG*0'+DQDO\VLV
3.2.2. Multi-linear regression 
(TXDWLRQVDQGJLYH WKHPRGHOHTXDWLRQVGHYHORSHG WRHVWLPDWHWKH8&6DQG WKHVRDNHG&%5
YDOXHVUHVSHFWLYHO\XVLQJ0/5DQDO\VLV

ܷܥܵሺ݅݊ܰȀ݉݉ଶሻ ൌ ʹͲǤͳ െ ͲǤͳͺͻ݄݈ܵܽ݁ሺΨሻെ ͲǤͳͻ͵ܶ݋݌ݏ݋݈݅ሺΨሻെ
ͲǤʹͲ͸ܨ݈ݕܣݏ݄ሺΨሻെ ͲǤͲͶ͸ܥ݁݉݁݊ݐሺΨሻ    
          
 

ܥܤܴ ൌ ͳ͸͵Ͳ െ ͳ͸Ǥʹ݄݈ܵܽ݁ሺΨሻെ ͳ͸ǤͲܶ݋݌ݏ݋݈݅ሺΨሻെ ͳ͸ǤͶܨ݈ݕܣݏ݄ሺΨሻ െ ͹Ǥ͹ͻܥ݁݉݁݊ݐሺΨሻ


7KH5YDOXHIRUWKH8&6DQGVRDNHG&%5YDOXHIRUWKH0/5PRGHOZDVIRXQGWRDQG
UHVSHFWLYHO\7KHPD[LPXPDEVROXWH HUURU 0$( DYHUDJH DEVROXWH HUURU $$(DQG WKH URRWPHDQ
VTXDUH HUURU 506( IRU WKH8&6PRGHOZDV IRXQG WREH  DQG  UHVSHFWLYHO\7KH
FRUUHVSRQGLQJYDOXHVIRUWKH&%5PRGHOZHUHDQGUHVSHFWLYHO\)LJXUHDDQG
EDOVRVKRZWKHSORWRIPHDVXUHGYHUVXVSUHGLFWHGYDOXHVIRUWKH0/5DQDO\VLV
7KHVWDWLVWLFDOFULWHULDIRU WKH8&6PRGHOXVLQJ0/5ZHUHIRXQGWREHEHWWHU WKDQWKHUHVSHFWLYH
YDOXHV IRU$11 LQ WHVWLQJ+RZHYHU$11 WUDLQLQJYDOXHVDUHEHWWHU WKDQ WKH0/5YDOXHV IRU8&6
PRGHOOLQJ 7KH 0/5 PRGHO IRU &%5 ZDV IRXQG WR EHWWHU WKDQ WKH $11 PRGHO LQ WHUPV RI WKH
VWDWLVWLFDOFULWHULD






7DEOH9DOXHRIVWDWLVWLFDOFULWHULDIRUWKH$11DQG*0'+PRGHOV
8&6 &%5
$11 *0'+ $11 *0'+
7UDLQLQJ
5    
(    
0$(    
$$(    
506(    
7HVWLQJ 5    
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(    
0$(    
$$(    
506(    
3.2.3. Group method of data handling 
$ VLQJOH OD\HU *0'+ PRGHO ZDV DGRSWHG XVLQJ PLQLPXP GHVFULSWLRQ OHQJWK DV WKH VWRSSLQJ
FULWHULD7KHPRGHOHTXDWLRQVJHQHUDWHGIRUWKH8&6DQG&%5PRGHOVDUHVKRZQLQHTXDWLRQVDQG
UHVSHFWLYHO\

ܷܥܵሺ݅݊ܰȀ݉݉ଶሻ ൌ ͸ʹǤͷͺͷ െ ͳͲʹǤͲͳ͹ כ ܨ݈ݕܣݏ݄ሺΨሻെ ͻ͸Ǥͳʹ͵ ൈ ܶ݋݌ܵ݋݈݅ሺΨሻ െ ͻ͸ǤͻͲͻ כ
݄݈ܵܽ݁ሺΨሻ൅ ͹͸Ǥ͹ͳ͹ כ ܶ݋݌ܵ݋݈݅ሺΨሻ כ ܨ݈ݕܣݏ݄ሺΨሻ ൅ ͹ͺǤͺ͹͵ כ ݄݈ܵܽ݁ሺΨሻ כ ܨ݈ݕܣݏ݄ሺΨሻ ൅
͹ͶǤͷͳʹ כ ݔͳ כ ܶ݋݌ܵ݋݈݅ሺΨሻ ൅ ͶͳǤͷͷ͹ כ ܨ݈ݕܣݏ݄ሺΨሻଶ ൅ ͵͸Ǥͺͺͳ כ ܶ݋݌ܵ݋݈݅ሺΨሻଶ ൅ ͵͹Ǥͺͺ͸ כ
݄݈ܵܽ݁ሺΨሻଶ



ܥܤܴ ൌ ͺͳǤͳͶͲ െ ͳ͵͵Ǥ͹͸Ͷ ൈ ܨ݈ݕܣݏ݄ሺΨሻ െ ͳ͵ͲǤͲ͸ͺ ൈ ܶ݋݌ܵ݋݈݅ሺΨሻെ ͳʹͲǤ͹͹͵ ൈ ݄݈ܵܽ݁ሺΨሻ ൅
ͳͲͷǤͷ͵͹ ൈ ܶ݋݌ܵ݋݈݅ሺΨሻ ൈ ܨ݈ݕܣݏ݄ሺΨሻ൅ ͻͻǤͲͶ͸ ൈ ݄݈ܵܽ݁ሺΨሻ כ ܨ݈ݕܣݏ݄ሺΨሻ൅ ͻ͸Ǥʹ͸͹ כ
݄݈ܵܽ݁ሺΨሻ כ ܶ݋݌ܵ݋݈݅ሺΨሻ൅ ͷͷǤʹͺͳ כ ܨ݈ݕܣݏ݄ሺΨሻଶ ൅ ͷʹǤͶͷͲ כ ܶ݋݌ܵ݋݈݅ሺΨሻଶ ൅ ͶͷǤͲͺͲ כ
݄݈ܵܽ݁ሺΨሻଶ





(TXDWLRQVDQGJLYHWKHQRUPDOL]HGYDOXHRIWKH8&6DQG&%5UHVSHFWLYHO\7KHDFWXDOYDOXHV
FDQEHIRXQGE\WKHXVHRI(TXDWLRQVDQGUHVSHFWLYHO\

ܷܥܵ௔௖௧௨௔௟ ൌ ʹǤ͵͹ܷܥܵ௡௢௥௠ ൅ ͲǤͲͺ 


ܥܤܴ௔௖௧௨௔௟ ൌ ͻͳǤͶܷܥܵ௡௢௥௠ ൅ Ͷ 


7KH5YDOXHLQWUDLQLQJDQGWHVWLQJIRUWKH8&6PRGHOZDVIRXQGWREHDQGVKRZLQJD
EHWWHUJHQHUDOLVDWLRQ IRU*0'+DVFRPSDUHG WR WKH$11PRGHO7KHVDPH WUHQGZDV IRXQG IRU WKH
&%5PRGHOZKHUH WKH5 YDOXH XVLQJ*0'+DQDO\VLV LQ WUDLQLQJ DQG WHVWLQJZHUH IRXQG WR EH DQG
 UHVSHFWLYHO\ ,WFDQEHVHHQIURP WKH)LJXUH DDQGE WKDW WKHVFDWWHURI WKHGDWD LV OHVVDV
FRPSDUHGWR$11DQG0/5$OVRFRPSDULVRQRI WKHVWDWLVWLFDOSDUDPHWHUVIURP7DEOHVXJJHVWVD
EHWWHUSUHGLFWLRQPRGHOOLQJE\*0'+DVFRPSDUHGWR$11DQG0/5+RZHYHULWFDQEHVHHQIURP
WKH HTXDWLRQV  DQG  WKDW WKH RI FHPHQW LV QRW LQFOXGHG LQ WKH SUHGLFWLRQ HTXDWLRQ JHQHUDWHG E\
*0'+DQDO\VLV7KLVFDQEHDWWULEXWHGWRWKHOHVVQXPEHURIGDWDDWKDQGZKHUHWKHUHLVOHVVFKDQJHLQ
FHPHQWFRQWHQW,WLVH[SHFWHGWKDWZLWKPRUHQXPEHURIVDPSOHVDWKDQGZKHUHWKHUHLVDVLJQLILFDQFH
FKDQJHLQWKHFHPHQWFRQWHQWWKH*0'+PRGHOZRXOGEHDEOHWRLQFRUSRUDWHWKHFHPHQWFRQWHQWLQWKH
SUHGLFWLRQHTXDWLRQ
 &RQFOXVLRQV

7KHPLQHRYHUEXUGHQLQFOXGLQJWRSVRLOLVDSSUR[LPDWHO\WZLFHWKHDPRXQWRIFRDOSURGXFWLRQ+LJK
DVKFRQWHQW±RI,QGLDQFRDOLVFRQWULEXWLQJPLOOLRQWRQVRIIO\DVKSHU\HDULQ
ZLWKOHVVWKDQRILWEHLQJXVHG7KHUHLVQHHGRIYDVWXWLOL]DWLRQRIWKHVHPDWHULDOVIRUVXVWDLQDEOH
GHYHORSPHQW%DVHGRQWKHOLPLWHGVWXG\DVGHVFULEHGDERYHIROORZLQJFRQFOXVLRQVFDQEHPDGH
x ,Q DEVHQFHRI DQ\GHVLJQPL[JXLGHOLQH WULDOPL[HVZHUHPDGHZLWK FHPHQW DV WKH ELQGLQJ
DJHQWYDU\LQJIURPWR6RPHPL[HVZHUHDOVRPDGHZLWKRXWFHPHQW%DVHGRQWKHIORZ
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DELOLW\WHVWVLPLODUWRWKDWRIUHDG\PL[FRQFUHWHWKHPRLVWXUHFRQWHQWGHSHQGXSRQFHPHQWDQG
IO\DVKFRQWHQW7KHPRLVWXUHFRQWHQWLQFUHDVHGZLWKFHPHQWDQGIO\DVKFRQWHQW
x 7KHXQFRQILQHGFRQILQHGFRPSUHVVLYHVWUHQJWKRIWKHPL[ZDVIRXQGWRLQFUHDVHZLWKFHPHQW
FRQWHQWZLWK WRFHPHQWIRXQG KDYH8&6YDOXHVXSWR1PP 7KHYDOXHV IRXQGWR
GHSHQGXSRQWKHPL[WXUHSURSRUWLRQ+HQFHLWFDQEHVXLWDEO\XVHGIRUHPEDQNPHQWV
x 7KHIDLOXUHVXUIDFHRIWKH8&6VDPSOHIRXQGWRYDU\EULWWOHWRGXFWLOHIDLOXUHGHSHQGLQJRQWKH
PL[WXUHW\SH
x 7KH&%5YDOXHVIRUVRDNHGDQGXQVRDNHGFRQGLWLRQRIWKHPL[WXUHFXUHGIRUGD\VIRXQGWR
KDYHKLJKYDOXHVIRUVRDNHGWKDQWKHXQVRDNHGYDOXHVGXHWRGHYHORSPHQWRIVWUHQJWKRIWKH
FHPHQW
x %DVHG RQ WKH SUHGLFWLRQ PRGHOOLQJ VWXGLHV GRQH XVLQJ $110/5 DQG *0'+ LW FDQ EH
LQIHUUHGWKDWWKH$,WHFKQLTXHVFDQEHDFFXUDWHO\XVHGWRSUHGLFWWKH8&6DQG&%5RIDPL[
x 3UHGLFWLRQHTXDWLRQVZHUHJLYHQIRUWKH0/5DQG*0'+PRGHOVZKLFKFDQEHXVHGE\WKH
SUDFWLVLQJHQJLQHHUVLIWKHFRPSRVLWLRQRIWKHPL[LVNQRZQ
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